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New temporary internal introducer shunt for brain
perfusion during total endovascular arch
replacement with in situ fenestration technique
Björn Sonesson, MD, PhD, Tim Resch, MD, PhD, Nuno Dias, MD, PhD, and
Martin Malina, MD, PhD, Malmö, Sweden
Complete endovascular arch replacement by in situ fenestration technique requires maintenance of cerebral perfusion
during the fenestration procedure by an extracorporeal femoral-carotid bypass. The bypass has the disadvantages of being
invasive, requiring a pump, and shunting blood extracorporeally. This report describes bench testing and an in vivo
experimental animal setup with an endovascular, temporary introducer shunt. This technique represents an adjunctive
step toward a complete endovascular repair for the aortic arch. (J Vasc Surg 2012;56:1162-5.)
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nOpen arch replacement is complex and carries a sub-
stantial morbidity and mortality.1 Endovascular procedures
in the remaining aorta seem to be beneficial due to their
lesser invasiveness. Therefore, endovascular solutions for
the arch are sought. Current techniques, including chim-
ney grafts,2 branch devices,3 and hybrid procedures, repre-
sent transitional techniques awaiting a complete endovas-
cular repair using peripheral access.
One step toward the complete endovascular arch repair
is the recently described endovascular hemi or total arch
replacement by an in situ fenestration technique.4-8 After
stent graft deployment, fenestrations are made for the arch
vessels. Bridging stent grafts connect the arch vessels with
the aortic stent graft, completing the repair. Cerebral per-
fusion is maintained during the procedure using a tempo-
rary pump-supported bypass from the femoral artery to
both carotid arteries, thus perfusing anterior and posterior
cerebral circulation. This bypass has the disadvantages of
being invasive, shunting blood extracorporeally, and add-
ing procedural time. Furthermore, it requires knowledge of
extracorporeal circulation and pumps. This report describes
bench testing and an in vivo experimental animal setup with
an endovascular, temporary internal introducer shunt.
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An introducer shunt was designed consisting of a distal
raided, kink-resistant 30-cm-long 10F flexor sheath
ig 1. Schematic drawing of the introducer shunt shows that
hen the aortic stent graft is deployed, the flow (arrows) will go
rom the descending aorta into the introducer shunt and innomi-
ate and left carotid arteries.Cook Medical, Bjaeverskov, Denmark) and a proximal
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Volume 56, Number 4 Sonesson et al 116360-cm 12F Check Flow (Cook Medical) with multiple 4-
2-mm shunt holes (Fig 1). The dilator of the 12F sheath
was modified by removing the tapered tip, creating a blunt
end obturator reaching the most proximal hole of the Check
Flow introducer. The obturator thus prevents stagnant blood
in the proximal introducer when used as a shunt.
The brachiocephalic artery and left common carotid
artery are catheterized from the femoral artery and the
modified introducer shunts placed therein. As soon as the
aortic stent graft is deployed, flow will start in the intro-
ducer shunts (Fig 1).
Experimental in vivo model. An in vivo experimental
system using a porcine model was set up. Ethical approval
was obtained from the Ethical Committee Lund Univer-
sity. The pigs (Swedish Landrace, 60 and 65 kg) were
sedated using ketamine and intubated and ventilated by
a Siemens-Elema respirator (model 900; Siemens-Elema,
Stockholm, Sweden) using a mixture of 30% oxygen and
Fig 2. Schematic drawing shows the experimental setup in a
porcine model to validate the theoretic volume flow values calcu-
lated of a certain introducer size. The blood flow is directed into
the introducer shunts in the arch, passes through the shunt in the
thoracoabdominal aorta, and enters in native aorta just above
the aortic bifurcation. At the same time, the aorta is tied around the
introducer shunt, allowing no blood to flow outside the shunt.
Blood pressure is measured in the arch simultaneously with blood
pressure and blood flow above the aortic bifurcation. Actual values
are compared with theoretic values according to Poiseuille’s law
and compiled in the Table.70% N2O. Anesthesia was maintained with a continuous dntravenous infusion of midazolam and ketamine. Intrave-
ous heparin (12,000 units) was given.
Both carotid arteries and the right femoral artery were
xposed. Ultrasonic flowmeters were attached to the carotids
Cardiomed CM-1005; Cardiomed A/S, Horten, Norway).
aseline flow was measured (n 3) at 165 mL/min. Under
uoroscopic guidance the carotids were catheterized, and the
ndovascular introducer shunts were inserted. The relatively
arge shunts caused vasospasm, and local anesthetics and ni-
roglycerin had to be given. With the carotids encircled with
essel loops, prohibiting any flow but from the introducers,
epeat flow measurements were made (n3), now measuring
16 mL/min, a decrease of30%.
To overcome the issue with spasm and to measure the
rue capacity of the introducer shunts, a new pig was used.
he introducer shunt was now introduced retrogradely
hrough the left carotid artery. The portion with holes was
ositioned in the thoracic aorta and the introducer tip in
he infrarenal aorta. The aorta was ligated twice, distal to
he holes and proximal to the tip, and an angiogram was
erformed to confirm that flow remained only above the
ies and distal to the tip of the introducer (Fig 2). Blood
ressure was measured (BD DTXPlus; Becton Dickinson,
ingapore) with one catheter in the thoracic aorta intro-
ig 3. The introducer shunts are placed in the innominate and
arotid arteries, the thoracic stent graft is deployed, and the needle
s in place for the first fenestration. The inset shows a multiplanar
econstructed image perpendicular to the aortic graft and the
ntroducer shunt. Note the compression of the stent graft by the
ntroducer shunt. This is probably a lesser problem in the aneurys-
al aorta.uced from the right carotid artery and another catheter at
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Blood flow was measured distal to the tip of the introducer
shunt in the aorta (Cardiomed CM-1005; Cardiomed A/S;
Fig 3). Simultaneous flow and pressure was obtained and
compared with theoretically obtained values calculated
from Poiseuille’s law (Table and Appendix).
Bench testing. One of the concerns regarding the
introducer shunts was that they might compress and dis-
lodge the aortic stent graft (Fig 3), thus making the in situ
fenestrations more difficult or even impossible to create.
This was tested in a glass model under fluoroscopic guid-
ance. The fenestration procedure was carried out as de-
scribed before with a Zenith TX thoracic stent graft
(ZTEG-2P-42-216; Cook Medical). During the steps in
the procedure, multiple rotational angiographies were per-
formed to assess the three-dimensional relations between
the aortic stent graft and the introducer shunts. Postproc-
essing reconstructions included multiplanar and three-di-
mensional reconstructions.
RESULTS
The introducer shunts compress the aortic graft about
30% to 40% (Fig 3); however, it was still possible to com-
plete the fenestration procedure. It is likely in the clinical
setting that because the aortic wall is compliant compared
with the glass model, there is less compression of the stent
graft. In addition, if the aorta is aneurysmal, this will also be
a lesser problem. In Fig 4, the introducer shunts have been
retrieved and the fenestrations made. A multiplanar recon-
struction of the fenestrations with the mating stents inside
(Fig 4) shows that the aortic graft has fully expanded and
that the fenestrations are centered.
DISCUSSION
The present work shows that in a bench model and in the
experimental setting, it is possible to replace an external tem-
porary bypass with temporary endovascular introducer shunts.
Theoretically calculated blood flow values equal the experi-
mental values for a 10F introducer shunt. It has also been
shown that the risk of the introducer shunts compressing and
dislodging the aortic stent graft, making the in situ fenestra-
tions more difficult or even impossible to create, is minimal.
What is sufficient flow to maintain cerebral perfusion
Table. Results from the porcine model in Fig 2
Measurement No.
Blood pressure,
Proximal
(thoracic aorta)
Firstb 5 84  1
Secondc 5 109  2
MAP, Mean arterial pressure.
aThe experimental and theoretic flow values show a good agreement.
bThe first measurement is during baseline condition.
cThe second measurement is during infusion of epinephrine to increase blood
on pressure.during the fenestration procedure? To estimate the normal wlood flow through the internal carotid artery, we reviewed
he 367 carotid endarterectomies performed between Jan-
ary 2002 and December 2005 (unpublished data). Blood
ow before and after endarterectomy was routinely mea-
ured with Cardiomed ultrasonic flowmeters. Blood flow
as 278  91 mL/min 10 minutes after blood flow was
stablished after endarterectomy. Noninvasive ultrasound-
ased measurement of blood flow in the internal carotid
rtery in the literature is estimated between 213.4 59 and
39  14 mL/min.9,10
From previous clinical cases of in situ fenestrations with
xtracorporeally pump-supported shunting, the spontane-
us flow rates in the innominate and left carotid have been
250 mL/min. The cerebral circulation was then assessed
(mm Hg) Blood flow, mL/min
Distal (aortic
bifurcation) Obtaineda
Theoretic
calculateda
54  1 422  4 397
73  2 489  52 481
ure and thereby alter flow values in the introducer shunt, which is dependent
ig 4. The introducer-shunts are withdrawn, and the aortic stent
raft is fully expanded. The inset shows a multiplanar reconstructed
mage of the fenestration with the stent in the center.MAPith INVOS near-infrared reflectance-spectroscopy (So-
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were equal or better during shunting without circulatory
pump support (two cases).
Open and endovascular techniques both carry a risk of
embolization when manipulation occurs in an arch aneu-
rysm, which often contains mural thrombus. In endovascu-
lar arch repair, it is essential to manipulate as little as
possible with wires and sheaths in the arch as well as to
ensure full heparinization. The potential of introducer
shunts is to further minimize the risk of stroke by abolishing
the risk of air embolization and also decreasing thrombus
embolization compared with extracorporeal shunts.
CONCLUSIONS
The 10F introducer shunts described in this article will
create flow greater than all the above-mentioned values,
thus providing sufficient cerebral flow during the fenestra-
tion procedure. The advantage of this is substantial with
respect to minimizing procedure time, being less invasive,
obviating the need for a pump, and the benefit of not
having extracorporeal circulation. This technique is an-
other step toward complete endovascular arch aneurysm
exclusion.
The authors thank Drs Jan Holst, Björn Brand, and
Edyta Merisson for their valuable help and advice.
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PPENDIX. POISEUILLE’S LAW
Qr4 P1 P2 ⁄ 8´L
here Q  flow; r  inner radius of the introducer; P1–P2 
ressure difference (eg, innominate/left carotid and de-
cending aorta distal to the aortic stent graft; L length of
he introducer (30 cm); and Þ  viscosity, at a normal
ematocrit of 40%, the relative viscosity of blood is 4.
